In 2003, Staubli et al^[@bibr41-2325967120922535]^ modified the conventional medial open-wedge high tibial osteotomy (MOWHTO) procedure by developing a biplanar osteotomy and applying stable fixation with the TomoFix locking plate (Depuy Synthes). This MOWHTO procedure now provides surgeons many advantages in comparison with lateral closed-wedge high tibial osteotomy (HTO). The most notable advantages of the MOWHTO are that correction of the limb alignment is not difficult and that the risk of peroneal nerve palsy is minimized because fibular osteotomy is not needed.^[@bibr39-2325967120922535],[@bibr41-2325967120922535],[@bibr43-2325967120922535]^ In addition, recent studies have reported that the improved MOWHTO can allow patients early weightbearing after surgery.^[@bibr43-2325967120922535]^ However, mid- or long-term clinical outcomes after MOWHTO with the TomoFix remain unclear, although many studies have reported that the short-term results after the MOWHTO are good.^[@bibr8-2325967120922535],[@bibr17-2325967120922535],[@bibr33-2325967120922535],[@bibr34-2325967120922535],[@bibr37-2325967120922535],[@bibr41-2325967120922535]^

Several recent studies have pointed out that MOWHTO with the TomoFix is frequently associated with various types of complications during or after surgery.^[@bibr6-2325967120922535],[@bibr21-2325967120922535],[@bibr27-2325967120922535],[@bibr44-2325967120922535][@bibr45-2325967120922535]--[@bibr46-2325967120922535]^ For example, Marti et al^[@bibr27-2325967120922535]^ reported that MOWHTO created an adverse deformity of the tibia, such as an increase in the posterior tibial slope (PTS) and elongation of tibial length. Brouwer et al^[@bibr6-2325967120922535]^ showed that patellar height was significantly decreased after MOWHTO, and Takeuchi et al^[@bibr44-2325967120922535]^ reported that lateral hinge fractures occurred in 25% of MOWHTO cases.

The purpose of this study was to clarify the midterm (3-7 year) follow-up results after MOWHTO using the TomoFix as well as major and minor complications found throughout the follow-up period. Drawing on previous studies,^[@bibr32-2325967120922535],[@bibr35-2325967120922535],[@bibr44-2325967120922535]^ we made the following hypotheses: (1) clinical outcomes of MOWHTO may be significantly improved and (2) various degrees of complications may occur during or after MOWHTO.

Methods {#section1-2325967120922535}
=======

Study Design {#section2-2325967120922535}
------------

A prospective case series was conducted between January 2009 and July 2013 involving patients who underwent MOWHTO with a locking plate. All operations were performed by 1 of 2 senior orthopaedic surgeons (T.Y. and E.K.) who were sufficiently trained in knee surgery. The study inclusion criteria were persistent pain due to medial osteoarthritis (OA) or spontaneous osteonecrosis of the knee in the medial femoral condyle after nonoperative treatment for at least 3 months. Exclusion criteria included (1) lateral femorotibial angle (FTA) greater than 185°; (2) a loss of knee extension greater than 15°; (3) range of knee motion less than 130°; (4) history of knee infection; (5) severe patellofemoral joint OA; (6) anterior cruciate ligament insufficiency or varus/valgus instability greater than 10°; and (7) smokers.^[@bibr44-2325967120922535]^ The study design was approved by the institutional review board of the Hokkaido University Hospital, and informed consent was obtained from all individual participants. A total of 86 patients (91 knees) were enrolled in this study. We followed up with the patients in our outpatient clinic for 3 years or more after surgery; 6 patients were lost to follow-up. Thus, a total of 80 patients (85 knees) participated in this study and underwent clinical and radiological evaluations ([Figure 1](#fig1-2325967120922535){ref-type="fig"}). The diagnosis was medial osteoarthritis in 76 knees and spontaneous osteonecrosis of the knee in 9 knees.

![Study design and follow-up examinations. MOWHTO, medial open-wedge high tibial osteotomy; OA, osteoarthritis; SONK, spontaneous osteonecrosis of the knee.](10.1177_2325967120922535-fig1){#fig1-2325967120922535}

All patients underwent follow-up at an average of 4.5 years (range, 3-7 years). The patients were first evaluated in our outpatient clinic at 3 months after surgery. After 1 year, we evaluated the patients annually. Radiological examinations were carried out to detect adverse deformities of the tibia, via computed digital radiograph (Fujifilm), before and immediately after surgery and at the final follow-up. The patients had digital radiographs in our outpatient clinic at 1, 2, 3, 4, 5, 6, 9, and 12 months after surgery, then annually thereafter. To evaluate bone union, we divided the osteotomized gap area of the coronal plane into 5 zones according to Brosset et al.^[@bibr5-2325967120922535]^ Bone union was defined as mature trabecular continuity in zone 3, the lateral hinge point, and the ascending osteotomy site of the tibial tuberosity, as observed through use of anteroposterior (AP) and lateral digital radiographs.^[@bibr35-2325967120922535]^ Delayed union and nonunion were defined as lack of mature trabecular continuity in these areas more than 4 and 6 months after surgery, respectively. Radiological measurements were performed by 2 observers (K.Y. and J.O.).

Each patient underwent an additional procedure approximately 1 year (mean, 13 months; range, 7-30 months) after the initial surgery to remove the implanted TomoFix, because patients wanted the metal plate removed for religious reasons.^[@bibr15-2325967120922535],[@bibr24-2325967120922535]^ Arthroscopic examinations were performed twice, immediately before surgery and during plate removal, to evaluate morphological changes of the articular cartilage in the knee joint.

Patient Demographics {#section3-2325967120922535}
--------------------

There were 66 women and 14 men enrolled in the study, with a mean age of 61.5 years at the time of surgery. Their background characteristics are shown in [Table 1](#table1-2325967120922535){ref-type="table"}.

###### 

Background Characteristics of the Patients*^a^*

![](10.1177_2325967120922535-table1)

  -------------------------- ------------------
  Age, y                     61.5 (40-78)
  Sex, male/female, n        14/66
  Body mass index, kg/m^2^   27.0 (18.8-43.4)
  Young adult mean, %        89.8 (57-112)
  -------------------------- ------------------

*^a^*Data except for patient sex are reported as mean (range). The young adult mean is a ratio (percentage) of the bone density in patients to the normal bone density in a young adult.

Preoperative Planning {#section4-2325967120922535}
---------------------

Preoperative planning with an appropriate correction angle of the tibia was performed through use of a standing full-length lower limb AP radiograph.^[@bibr30-2325967120922535]^ The surgical planning method is shown in [Figure 2](#fig2-2325967120922535){ref-type="fig"}.

![Preoperative planning. An appropriate correction angle of the tibia is determined by use of a standing, full-length, lower limb anteroposterior radiograph. Open-wedge osteotomy lines are drawn on the full-length lower limb radiograph so that the hinge point (*P*) is located at approximately 5 mm medial from the tibiofibular joint on the lateral tibial condyle. To calculate an appropriate angle of the medial opening wedge, a long line (line *A*) is drawn from the center of the femoral head through the point 62.5% lateral from the medial edge of the tibial plateau on the lateral tibial plateau. Then, another line (line *B*) is drawn from hinge point *P* to the center of the talar dome, and the length of line *B* is measured. Then an arc (*C*), the center and the radius of which are the hinge point *P* and line *B*, respectively, is drawn so that the arc is across line *A*. Next, a line (line *D*) is drawn from hinge point *P* to the crossing point between line *A* and arc *C*. The angle (α) formed between line *B* and line *D* provides the medial opening angle, which is identical to the correction angle of the lower limb alignment. A medial opening line is drawn using this angle.](10.1177_2325967120922535-fig2){#fig2-2325967120922535}

MOWHTO Procedure {#section5-2325967120922535}
----------------

This MOWHTO procedure has been reported in detail previously.^[@bibr35-2325967120922535]^ The proximal tibia was exposed through a 7-cm medial longitudinal incision. After the complete release of the distal attachment of the superficial medial collateral ligament, 3 pairs of Kirschner wires (K-wires) were inserted into the tibia so that each inserted K-wire precisely reached the proximal tibiofibular joint using the parallel guide. Next, a biplanar osteotomy of the tibia, which consisted of an oblique HTO and a frontal plane osteotomy behind the tibial tubercle,^[@bibr2-2325967120922535]^ was performed with an oscillating saw and chisel. The oblique osteotomy site was then gradually opened by use of a protractor-installed specially designed spreader (Olympus Terumo Biomaterials) under fluoroscopic control based on preoperative planning. Under fluoroscopic control, and using a long, straight metal rod, the surgeon confirmed that the mechanical axis of the corrected lower limb passed through the Fujisawa point (62.5%) on the tibial plateau.^[@bibr12-2325967120922535]^ Then, 2 wedge-shaped β-tricalcium phosphate spacers (Osferion 60; Olympus Terumo Biomaterials) were implanted into the anterior and posterior parts of the opening space.^[@bibr35-2325967120922535]^ Finally, the tibia was fixed with a locking plate (TomoFix) by insertion of 8 locking screws. All screws were tightened through use of a torque driver. All screw holes were used as suggested by the manufacturer. The TomoFix Medial High Tibia Plate (model 440.834) and the small TomoFix Medial High Tibia Plate (Asian version, model 440.831) were used in this study. The small plate is indicated for all tibial open-wedge osteotomies in patients less than 65 kg in weight.

As additional treatments for the intra-articular lesions, partial meniscectomy of the medial meniscus was performed in 68 knees. Osteochondral autograft transfer was carried out in 12 knees by use of the Osteochondral Autograft Transfer System (OATS; Arthrex); the mean size of the articular defects was 3.2 cm^2^ (range, 2-4 cm^2^). A donor graft was harvested from the lateral femoral trochlea.

Postoperative Rehabilitation {#section6-2325967120922535}
----------------------------

After surgery, all patients underwent postoperative management using the same rehabilitation protocol reported previously.^[@bibr35-2325967120922535]^ Straight-leg raising and quadriceps sitting exercises, as well as active and passive knee motion exercises, were encouraged on the day after surgery.^[@bibr35-2325967120922535]^ Partial weightbearing was permitted with crutches 2 weeks after surgery. Full weightbearing was allowed 4 weeks after surgery.

Clinical Evaluation {#section7-2325967120922535}
-------------------

The patients were evaluated by use of the Japanese Orthopaedic Association (JOA) score^[@bibr2-2325967120922535],[@bibr47-2325967120922535]^ and Knee injury and Osteoarthritis Outcome Score (KOOS)^[@bibr36-2325967120922535]^ at preoperative and final follow-up periods in our outpatient clinic. The JOA score was the primary outcome measure, as it is the standard knee function scale in Japan. Based on previous studies,^[@bibr2-2325967120922535],[@bibr47-2325967120922535]^ the results were graded as good for scores of 85 to 100 points, fair for 70 to 84, and poor for 69 or less.

Radiological Evaluation {#section8-2325967120922535}
-----------------------

AP view radiographs of the knee and the whole lower limb were taken with the patient in the single-leg standing position. Lateral and skyline view radiographs at 30° of flexion were taken in the nonloading condition. On the AP radiograph of the knee, the radiological stage of OA was assessed according to the Kellgren-Lawrence grading system.^[@bibr20-2325967120922535]^ Using the AP view of the whole limb radiograph, we measured the FTA, the medial-proximal tibial angle (MPTA), the point at which the weightbearing line passed across the joint line (WBL point), the length of the tibia, and the length of the lower limb. Using the lateral radiograph of the knee, we determined the patellar height ratios and the PTS ([Figure 3](#fig3-2325967120922535){ref-type="fig"}). The PTS was defined as the angle between the line perpendicular to the middiaphysis of the tibia and the posterior inclination of the medial tibial plateau.

![Postoperative radiographs 7 years after surgery. (A) The medioproximal tibial angle was defined as the angle between the proximal tibial joint line and the mechanical axis of the tibial shaft. The posterior tibial slope was defined as the angle between the line perpendicular to the middiaphysis of the tibia and the posterior inclination of the medial tibial plateau. (B) The lateral femorotibial angle was defined as the angle between the longitudinal axes of the femur and the tibia. The point at which the weightbearing line passed across the joint line (WBL point) was drawn from the center of the femoral head to the middle point of the ankle joint surface, and the WBL point was shown as a ratio (%) of the length between the point and the medial edge of the tibial plateau, which was divided by the width of the whole tibial plateau.](10.1177_2325967120922535-fig3){#fig3-2325967120922535}

Arthroscopic Examination {#section9-2325967120922535}
------------------------

Arthroscopic examinations were performed before MOWHTO and at the plate removal surgery to evaluate the degree of cartilage degeneration in the medial tibiofemoral joints and the patellofemoral joint, through use of the International Cartilage Repair Society (ICRS) classification.^[@bibr4-2325967120922535]^ All arthroscopic examinations were performed by 2 senior orthopaedic surgeons (T.Y. and E.K.) who were sufficiently trained in arthroscopic surgery. Under arthroscopic evaluation, the articular surface was evaluated as the most progressive grade at the femur or the tibia in the medial femorotibial joint and at the femoral trochlea or the patella in the patellofemoral joint.

Complications {#section10-2325967120922535}
-------------

When a complication was clinically or radiologically detected during surgery or follow-up, it was recorded in the electronic medical record system. Intraoperative lateral hinge fractures were classified by location according to Takeuchi et al^[@bibr44-2325967120922535]^ as type I (just proximal to or within the tibiofibular joint), type II (distal portion of the proximal tibiofibular joint), or type III (lateral plateau). Martin et al^[@bibr28-2325967120922535]^ reported classifications for adverse events as follows: class 1 events were considered those that required no additional treatment or very minor alterations in postoperative care; class 2 events required additional or extended nonoperative treatment for a limited period of time; and class 3 events required either long-term medical treatment or additional surgery. Using their system, we categorized complications as minor (class 1) or major (classes 2 and 3).

To quantify the postoperative deformity of the patellar height as a complication after MOWHTO, we measured the Insall-Salvati ratio,^[@bibr19-2325967120922535]^ which was defined as the length of the patellar tendon (the distance between the inferior pole of the patella and the tibial tubercle) divided by the patellar length. Additionally, the Caton-Deschamps (C-D) index^[@bibr7-2325967120922535]^ and the Miura-Kawamura (M-K) index^[@bibr31-2325967120922535]^ were measured at 30° of knee flexion ([Figure 4](#fig4-2325967120922535){ref-type="fig"}).

![Measurement of the patellar height ratios. (A) The Caton-Deschamps index was defined as a ratio of the distance (*y*) between the inferior pole of the patella and the anteroproximal edge of the tibial plateau divided by the patellar length (*x*). (B) To calculate the Miura-Kawamura index, a line perpendicular to the axis of the tibia was drawn at the distal end of the femur. The distance (*y*) between the lower end of the articular surface of the patella and the distal femoral line was divided by the length (*x*) of the articular surface of the patella.](10.1177_2325967120922535-fig4){#fig4-2325967120922535}

Statistical Analysis {#section11-2325967120922535}
--------------------

An a priori power analysis was performed. In our previous study,^[@bibr35-2325967120922535]^ the difference between the pre- and postoperative clinical outcome was 28.0%. Based on this result, a sample size of 80 patients (85 knees) was calculated to have greater than 80% power to test the hypothesis. All data are shown as means with range. For each preoperative and postoperative parameter, the paired Student *t* test and the chi-square test were used to test for significance. JMP Pro10.0 for Windows (SAS Institute Japan) was used for statistical analyses. The significance level was set at *P* = .05.

The inter- and intrarater reliabilities for the radiological measurements were 0.91 (range, 0.85-0.96) and 0.93 (range, 0.86-0.98), respectively. The inter- and intrarater reliabilities for the arthroscopic evaluations were satisfactory (mean inter- and intraclass correlation coefficients, 0.81 \[range, 0.72-0.88\] and 0.85 \[range, 0.80-0.92\], respectively).

Results {#section12-2325967120922535}
=======

Clinical Results {#section13-2325967120922535}
----------------

Regarding knee pain and function, the mean JOA score significantly (*P* \< .0001) improved, from 65.6 to 90.8 at the final follow-up evaluation ([Table 2](#table2-2325967120922535){ref-type="table"}). The final follow-up results were graded as good in 72 knees (84.7%), fair in 10 knees (11.8%), and poor in 3 knees (3.5%). The total KOOS and each of the KOOS subscale scores also significantly improved (*P* \< .0001) ([Table 2](#table2-2325967120922535){ref-type="table"}). The mean loss of knee extension was slightly but significantly improved, from --5.1° to --2.3° (*P* \< .0001) ([Table 2](#table2-2325967120922535){ref-type="table"}). The 3 knees graded as poor underwent total knee arthroplasty (TKA) at 8, 11, and 23 months after MOWHTO because of residual knee pain in 1 knee and unexpected deformity of the proximal tibia in 2 knees. In addition, we compared clinical scores among MOWHTO, MOWHTO with meniscectomy, and MOWHTO with OATS, finding no significant differences among the 3 groups. We analyzed the effect of age and body mass index (BMI) on the JOA scores and found no significant correlations ([Figure 5](#fig5-2325967120922535){ref-type="fig"}).

###### 

Clinical Evaluation*^a^*

![](10.1177_2325967120922535-table2)

                                Preoperative         Postoperative        *P* Value
  ----------------------------- -------------------- -------------------- -----------
  Extension angle, deg          --5.1 (--20 to 0)    --2.3 (--15 to 0)    \<.0001
  Flexion angle, deg            138.9 (125 to 155)   140.3 (115 to 155)   .6520
  JOA score                     65.6 (50 to 80)      90.8 (50 to 100)     \<.0001
  Knee function, n (%)                                                    
   Good: 85-100 points          1 (1.2)              72 (84.7)            
   Fair: 70-85 points           26 (30.6)            10 (11.8)            
   Poor: ≤69 points             58 (68.2)            3 (3.5)              
  KOOS                                                                    
   Pain                         46.8 (0 to 69)       81.4 (57 to 100)     \<.0001
   Symptoms                     54.5 (7 to 82)       82.5 (50 to 100)     \<.0001
   Activities of Daily Living   59.2 (10 to 84)      87.2 (57 to 100)     \<.0001
   Sports/Recreation            25.8 (0 to 65)       57.9 (0 to 100)      \<.0001
   Quality of Life              26.6 (6 to 56)       64.2 (25 to 100)     \<.0001

*^a^*Data are reported as mean (range) unless otherwise noted. JOA, Japanese Orthopaedic Association; KOOS, Knee injury and Osteoarthritis Outcome Score.

![Correlation between Japanese Orthopaedic Association (JOA) score and (A) age and (B) body mass index (BMI).](10.1177_2325967120922535-fig5){#fig5-2325967120922535}

Radiological Evaluation {#section14-2325967120922535}
-----------------------

During surgery, an average wedge opening of 11.7° (mean opening distance, 12.2 mm) was made in the tibia by means of the protractor-installed specially designed spreader and caliper. Under fluoroscopic control, and using a long, straight metal rod, the surgeon confirmed that the mechanical axis of the corrected lower limb passed through at least the Fujisawa point (62.5%) on the tibial plateau. Our previous studies demonstrated that an FTA of 164° to 168° should be attained to ensure favorable long-term results in HTO.^[@bibr2-2325967120922535],[@bibr47-2325967120922535]^ Therefore, our correction tended to overcorrect. At the final follow-up, the mean WBL point was significantly (*P* \< .0001) corrected, from 26.9% to 67.7%, and the mean FTA was significantly (*P* \< .0001) corrected, from 179.6° to 169.8° ([Table 3](#table3-2325967120922535){ref-type="table"}). No significant difference was seen between the pre- and postoperative radiographic OA grades ([Table 3](#table3-2325967120922535){ref-type="table"}).

###### 

Radiographic Evaluation*^a^*

![](10.1177_2325967120922535-table3)

  --------------------------------------------------------------------------------------------------------------------------------------
                                           Preoperative             Immediately After Surgery   Final Follow-up          *P* Value
  ---------------------------------------- ------------------------ --------------------------- ------------------------ ---------------
  Open wedge angle, deg                    NA                       11.7 (8.0-16.7)             NA                       NA

  Maximum open distance, mm                NA                       12.2 (8.0-18.3)             NA                       NA

  WBL point, %                             26.9 (--14.4 to 46.9)    68.3 (56.0 to 82.4)         67.7 (50.7 to 86.6)      \<.0001*^b^*\
                                                                                                                         .2006*^c^*

  FTA, deg                                 179.6 (176.5 to 186.0)   169.7 (165.5 to 175.5)      169.8 (163.5 to 177.9)   \<.0001*^b^*\
                                                                                                                         .9455*^c^*

  Radiographic OA grade, n of knees*^d^*                                                                                 .5976

   Grade 1                                 0                                                    0                        

   Grade 2                                 0                                                    0                        

   Grade 3                                 21                                                   17                       

   Grade 4                                 58                                                   59                       

   Grade 5                                 6                                                    9                        
  --------------------------------------------------------------------------------------------------------------------------------------

*^a^*Data are reported as mean (range) unless otherwise noted. FTA, lateral femorotibial angle; NA, not applicable; OA, osteoarthritis; WBL, weightbearing line.

*^b^*Preoperative vs final follow-up data.

*^c^*Immediately after surgery vs final follow-up data.

*^d^*Determined via the Kellgren-Lawrence grading system.

Arthroscopic Evaluation {#section15-2325967120922535}
-----------------------

The findings from the preoperative and postoperative (at plate removal) arthroscopic evaluations are shown in [Table 4](#table4-2325967120922535){ref-type="table"}. No significant differences were found in the medial femorotibial joint between the first and second evaluations. However, the articular cartilage grade of the patellofemoral joint was significantly higher in the second arthroscopy than in the first arthroscopy (*P* \< .0001).

###### 

Arthroscopic Evaluations of the Articular Cartilage*^a^*

![](10.1177_2325967120922535-table4)

  ICRS Classification    First Arthroscopy   Second Arthroscopy   *P* Value
  ---------------------- ------------------- -------------------- -----------
  Medial femoral joint                                            .9840
   Grade 0               0                   0                    
   Grade 1               0                   0                    
   Grade 2               22                  22                   
   Grade 3               28                  27                   
   Grade 4               35                  36                   
  Patellofemoral joint                                            \<.0001
   Grade 0               36                  14                   
   Grade 1               30                  27                   
   Grade 2               12                  32                   
   Grade 3               5                   9                    
   Grade 4               2                   3                    

*^a^*Data are reported as number of knees. ICRS, International Cartilage Repair Society.

Complications {#section16-2325967120922535}
-------------

Intraoperatively, lateral hinge fractures occurred in 25 knees (29.4%) ([Table 5](#table5-2325967120922535){ref-type="table"}). After surgery, 2 knees (2.3%) had superficial infections around the skin incision for 3 months postoperatively, although no patients had deep infections. Within 1 year postoperatively, unacceptable overcorrection, the FTA of which was 162°, occurred in 1 knee, correction loss greater than 5° occurred in 2 knees, and nonunion occurred in 1 knee. In the patient with unacceptable overcorrection, we performed revision open-wedge HTO at 1 week after the first surgery. In the 2 patients with correction loss and increased PTS (\>10°), TKA was performed 8 and 11 months after surgery. In the patient with nonunion, after 6 months a revision open-wedge HTO and iliac bone graft was performed by use of bilateral plate fixation. No cases of popliteal vascular injury, peroneal nerve injury, tibial tubercle fracture, or compartment syndrome were noted. The rate of major complications was 24.7%. Of these, 9.4% were class 3 and 15.3% were class 2 according to the classification by Martin et al^[@bibr28-2325967120922535]^ ([Table 5](#table5-2325967120922535){ref-type="table"}). Our analysis revealed no significant differences between age or BMI and the occurrence of complications.

###### 

Complications in Medial Open-Wedge High Tibial Osteotomy

![](10.1177_2325967120922535-table5)

                                                                                             No. of Knees (%)
  ------------------------------------------------------------------------------------------ --------------------------------
  Minor (class 1*^a^*): no additional treatment required                                     14 (16.5)
   Intraoperative lateral hinge fracture type I*^b^*                                         14 (16.5)
  Major (class 2): adverse events requiring additional or extended nonoperative management   13 (15.3)
   Intraoperative lateral hinge fracture types II and III                                    5 (5.9); 1 type II, 4 type III
   Superficial infection                                                                     1 (1.2)
   Implant failure                                                                           7 (8.2)
   Proximal locking screw breakage                                                           3 (3.5)
   Distal locking screw breakage                                                             4 (4.7)
  Major (class 3): additional surgery or long-term nonoperative treatment required           8 (9.4)
   Overcorrection (with type I fracture)                                                     1 (1.2)
   Nonunion (with type II fracture, implant failure)                                         1 (1.2)
   Loss of correction \>5° (with type III fracture)                                          2 (2.3)
   Increased posterior tibial slope \>10° (with type I fracture)                             2 (2.3)
   Superficial infection requiring surgery                                                   1 (1.2)
   Implant failure: distal locking screw breakage (with tibial fracture)                     1 (1.2)
  Other complications                                                                        
   Difficulty with inserted screws during hardware removal                                   9 (10.6)
   Increased tibial length \>10 mm                                                           23 (27.1)
   Patella baja (Caton-Deschamps index \<0.6)                                                32 (37.6)

*^a^*Classification according to Martin et al.^[@bibr28-2325967120922535]^

*^b^*Classification according to Takeuchi et al.^[@bibr44-2325967120922535]^

The postoperative adverse deformities of the tibia on radiological evaluation are shown in [Table 6](#table6-2325967120922535){ref-type="table"}. Patellar height was significantly reduced as a result of the surgery. Namely, the preoperative C-D index (mean, 0.88) was significantly (*P* \< .0001) decreased to 0.71 immediately after surgery and 0.66 at final follow-up ([Table 6](#table6-2325967120922535){ref-type="table"}), and 32 of the 85 knees (37.6%) showed a patella baja: a C-D index less than 0.6. The M-K index showed similar results. The mean PTS increased significantly from 8.9° to 11.9° at final follow-up (*P* \< .0001). We think that an incomplete cutting of the posterior cortex of the proximal tibia caused an increase of PTS of more than 10° in 2 knees. Tibial length and whole lower limb length were both significantly (*P* \< .0001) increased after surgery ([Table 6](#table6-2325967120922535){ref-type="table"}), although the patients did not desire lengthening of the limb.

###### 

Adverse Deformity of the Tibia*^a^*

![](10.1177_2325967120922535-table6)

  ----------------------------------------------------------------------------------------------------------------------------
                                 Preoperative             Immediately After Surgery   Final Follow-up          *P* Value
  ------------------------------ ------------------------ --------------------------- ------------------------ ---------------
  Caton-Deschamps index          0.88 (0.67 to 1.33)      0.71 (0.48 to 1.15)         0.66 (0.38 to 1.10)      \<.0001*^b^*\
                                                                                                               .1731*^c^*

  Miura-Kawamura index           0.81 (0.52 to 1.22)      0.73 (0.43 to 1.16)         0.70 (0.46 to 1.14)      \<.0001*^b^*\
                                                                                                               .0585*^c^*

  Insall-Salvati ratio           0.91 (0.67 to 1.31)      0.91 (0.64 to 1.31)         0.94 (0.64 to 1.48)      .1342*^b^*\
                                                                                                               .1907*^c^*

  Posterior tibial slope, deg    8.9 (4.0 to 16.0)        11.6 (3.0 to 19.6)          11.9 (4.1 to 21.7)       \<.0001*^b^*\
                                                                                                               .0563*^c^*

  Tibial length, mm              321.3 (276.5 to 382.2)   328.8 (280.0 to 389.9)      329.1 (277.9 to 389.9)   \<.0001*^b^*\
                                                                                                               .2249*^c^*

  ▵Tibial length, mm             NA                       8.9 (0.2 to 17.7)           8.6 (--1.9 to 15.5)      

  Whole lower limb length, mm    730.2 (630.4 to 852.8)   739.1 (636.3 to 854.7)      740.5 (636.1 to 855.0)   \<.0001*^b^*\
                                                                                                               .9757*^c^*

  ▵Whole lower limb length, mm   NA                       10.3 (--6.5 to 21.0)        10.3 (--7.2 to 20.0)     
  ----------------------------------------------------------------------------------------------------------------------------

*^a^*Data are reported as mean (range). NA, not applicable.

*^b^*Preoperative vs final follow-up.

*^c^*Immediate after surgery vs final follow-up.

Pearson correlation coefficient showed significant correlations between the wedge-opened distance and the degree of patellar height (*P* = .0022 for C-D index; *P* = .0173 for M-K index), the degree of PTS (*P* = .0282), and the length of the tibia (*P* = .0121) ([Figure 6](#fig6-2325967120922535){ref-type="fig"}). No significant correlations were found between the JOA score and the degree of patellar height (*P* = .2994 for C-D index; *P* = .6424 for M-K index), the degree of PTS (*P* = .5027), the length of the tibia (*P* = .3227), or ICRS grade (patellofemoral joint; *P* = .7944) ([Figure 7](#fig7-2325967120922535){ref-type="fig"}).

![Correlation between the wedge-opened distance and (A) change in Caton-Deschamps index (▵CD), (B) change in posterior tibial slope (▵PTS), and (C) ▵tibial length.](10.1177_2325967120922535-fig6){#fig6-2325967120922535}

![Correlation between Japanese Orthopaedic Association (JOA) score and (A) change in Caton-Deschamps index (▵CD), (B) change in posterior tibial slope (▵PTS), (C) ▵tibial length, and (D) International Cartilage Repair Society (ICRS) grade (patellofemoral joint \[PFJ\]).](10.1177_2325967120922535-fig7){#fig7-2325967120922535}

Each patient underwent an additional procedure approximately 1 year (mean, 13 months; range, 7-30 months) after the initial surgery to remove the implanted TomoFix. During the plate removal surgery, complications were found or occurred in a total of 9 knees (10.6%) in 85 operations ([Table 5](#table5-2325967120922535){ref-type="table"}). We confirmed that 14 locking screws were broken. Of these cases, 1 knee had nonunion, in which 3 of the proximal locking screws had broken. An additional 3 knees had 1 or 2 broken locking screws at the time of plate removal; the proximal screw breakages were found on postoperative radiograph at approximately 6 months after surgery. In these cases, we removed the inserted screw by hollowing out the bone tissue with a core reamer. In 5 knees, 7 screws inserted into the distal tibia were so tightly locked to the plate that we could not turn the screw head. In these cases, after we destroyed the screw head with a carbide-alloy drill, we detached the plate from the screws and then removed the inserted screw by hollowing out the bone tissue. In 1 of the 7 knees, a crack occurred in the tibial cortex during the hollowing procedure.

Discussion {#section17-2325967120922535}
==========

The present study showed that the 3- to 7-year follow-up clinical results after MOWHTO using the TomoFix were good for 84.7% of patients. Saito et al^[@bibr37-2325967120922535]^ also reported good results in a series of 64 patients who underwent MOWHTO with the TomoFix. In the current study, various degrees of complications occurred during or after MOWHTO, even though the clinical results were good. Intraoperatively, lateral hinge fractures occurred in 29.4% of patients. Within 1 year postoperatively, a case of unacceptable overcorrection, a case of nonunion, and 2 cases of correction loss were identified.

The radiological evaluation showed that MOWHTO resulted in adverse deformities of the tibia. First, although decreasing the C-D index did not cause symptoms or problems, it was significantly reduced from 0.88 preoperatively to 0.66 at final follow-up. In the second arthroscopy, progression of the ICRS grade was seen in the patellofemoral joint, and although the result was statistically significant, the deterioration was not clinically significant. Second, the mean PTS was significantly increased from 8.9° to 11.9° but, again, this result carried no clinical implications. Third, the length of the entire lower limb was significantly increased after surgery, due to lengthening of the tibia and correction of the varus deformity of functional limb shortening. Additionally, during the plate removal surgery at approximately 1 year after surgery, complications related to breakage of the inserted screws were found in 10.6% of 85 knees.

Complications associated with MOWHTO have been reported to occur in 0% to 55% of cases.^[¶](#fn1-2325967120922535){ref-type="fn"}^ For example, Hernigou and Ma^[@bibr18-2325967120922535]^ reported a complication rate of 5.3% in a series of 245 patients who underwent MOWHTO with plaster cast. Niemeyer et al^[@bibr33-2325967120922535]^ noted an 8.6% complication rate among the cases involving the TomoFix plate. Miller et al^[@bibr29-2325967120922535]^ reported a 37% overall complication rate using Puddu plate and VS Osteotomy Plate (EBI). Spahn et al^[@bibr40-2325967120922535]^ reported complications with 34% of the cases using a Puddu-plate (Arthrex) or C-plate (Königsee-Implantate; Aschau). Martin et al^[@bibr28-2325967120922535]^ reported that the rate of class 2 and class 3 complications was 36.7%. The cumulative rate of all complications detected in the present study was 41.2%. However, the rate of major complications was 24.7%. These results indicate that the MOWHTO procedure with the TomoFix is a technically demanding procedure, although the overall clinical results were good.

Among the complications found in the present study, there was 1 knee with nonunion. In this knee, a type II lateral hinge fracture had occurred during the MOWHTO surgery. There were 2 knees with alignment correction loss greater than 5°. In these knees, type III lateral hinge fracture had occurred during the surgery. We did not perform additional fixation to type III lateral hinge fracture. In these patients, rehabilitation protocol was changed. Takeuchi et al^[@bibr44-2325967120922535]^ reported that the type II and type III lateral hinge fractures were unstable and frequently caused delayed union and nonunion, alignment correction loss, and increasing PTS. Several authors reported that disruption of the lateral hinge in MOWHTO was observed in 2.6% to 35% of cases.^[\#](#fn2-2325967120922535){ref-type="fn"}^ Takeuchi et al^[@bibr44-2325967120922535]^ reported that lateral cortex fractures were observed in 26 knees (25%). Nakamura et al^[@bibr32-2325967120922535]^ reported that 20% of cases sustained lateral hinge fractures after MOWHTO. In addition, Lee et al^[@bibr25-2325967120922535]^ reported that 27.5% of cases had lateral hinge fractures as identified on computed tomography scans. In the current study, the lateral hinge fracture rate was 29.4%. Han et al^[@bibr16-2325967120922535]^ recommended that to lessen the chance of a fracture, the first oblique osteotomy should be started from the upper margin of the pes anserinus and end 5 mm from the lateral cortical margin, just above the proximal tibiofibular joint, to establish a "safe zone." Therefore, meticulous care should be taken during the MOWHTO procedure to decrease the incidence of lateral hinge fractures.

The most frequent radiographic change seen after this MOWHTO procedure with ascending tibial tuberosity osteotomy was patella baja as a deformity of the tibia. Namely, the C-D index was less than 0.6 in 37.6% of the patients. Patella baja is known as an adverse deformity of the knee. Recently, Goshima et al^[@bibr14-2325967120922535]^ reported that cartilage degeneration was frequently found in the patellofemoral joint in patients after MOWHTO surgery. In the present study, a similar finding was observed at the time of the hardware removal surgery. Although Goshima et al^[@bibr14-2325967120922535]^ reported that the patella baja induced by the MOWHTO surgery did not result in a significant reduction of functional results in the short-term evaluation, there is a risk that the functional results may be significantly reduced in the long-term follow-up evaluation. The present study clearly showed a significant correlation between the wedge-opened distance and the degree of patella baja ([Figure 6](#fig6-2325967120922535){ref-type="fig"}). This finding indicates that this complication is unavoidable in MOWHTO when the tibial alignment requires large correction.

Recently, several authors reported descending tibial tuberosity osteotomy in MOWHTO.^[@bibr1-2325967120922535],[@bibr10-2325967120922535],[@bibr11-2325967120922535],[@bibr13-2325967120922535]^ Erquicia et al^[@bibr10-2325967120922535]^ reported that MOWHTO with a dihedral L-cut distal and posterior to the tibial tubercle accurately corrected axial malalignment without any change at the patellofemoral joint or any modification to the posterior tibial slope while providing improved knee function at short-term follow-up. They concluded that the radiographic as well as the clinical results support the use of this technique to treat medial compartment knee OA and varus malalignment in young and middle-aged patients with a normal to low patellar height. Floerkemeier et al^[@bibr11-2325967120922535]^ reported that a descending tuberosity cut was recommended to prevent anterior knee pain as well as patella baja in large open-wedge corrections. Another group using a proximal ascending tuberosity osteotomy reported that the patellar height and the angle of correction were related: the larger the correction angle, the lower the postoperative patellar height and the higher the patellofemoral contact stress.^[@bibr42-2325967120922535]^ It should be kept in mind that a painful retropatellar OA should be an exclusion criterion for MOWHTO because of the risk of increased retropatellar pressure and pain impairment postoperatively.

An increase in the PTS by 10° or more was not frequent (2.3%) in the present study, but we found a significant correlation between the wedge-opened distance and the degree of the PTS. El-Azab et al^[@bibr9-2325967120922535]^ reported that the PTS showed a significant increase of 2.1° after MOWHTO. In our previous study,^[@bibr35-2325967120922535]^ we recommended that the tibia be osteotomized with the TomoFix in a hyperextended position of the knee. We believe that this fixation technique is useful to prevent a large increase of the PTS. In addition, the surgeon can open the posterior aspect of the osteotomy more than the anterior aspect to avoid increasing the PTS.

However, the deformity of the tibia after this MOWHTO procedure included a significant increase of lower limb length, an average of 10.3 mm. We noted a significant correlation between the wedge-opened distance and the length of the tibia ([Figure 6](#fig6-2325967120922535){ref-type="fig"}). Bae et al^[@bibr3-2325967120922535]^ reported that the mean change in limb length was 7.8 mm after MOWHTO. Commonly, a lower limb length discrepancy of less than 20 mm does not cause significant disability in walking. In our clinical experience, however, some patients have complained of an uncomfortable sensation in walking or running. Thus, we do not recommend MOWHTO for knees that need large alignment correction. However, the length gain may be a desired outcome, as the limb is usually shortened from the varus deformity and medial wear, and patients complain if a single knee is addressed where there is bilateral disease.

Each patient underwent an additional procedure approximately 1 year after the initial surgery to remove the implanted plate, because Japanese patients desire to remove the metal materials after surgery due to religious reasons and cultural factors, which include sitting on tatami flooring.^[@bibr15-2325967120922535],[@bibr24-2325967120922535]^ We believe that the case of tibial fracture might not have occurred if the plate had not been removed. In addition, patients wished to confirm the knee condition at the time of plate removal. Arthroscopic examinations were performed twice, immediately before surgery and during plate removal to evaluate morphological changes of the articular cartilage in the knee joint. In the present study, proximal locking screws were broken in 4 knees (4.7% of the cases), and distal locking screws were broken in 5 knees (5.9% of the cases). This suggests that changes could be made to improve the fixation system or to slow down the rehabilitation program to avoid screw breakage. Maehara et al^[@bibr26-2325967120922535]^ suggested that surgeons should be concerned about plate removal, and patients should be well-informed about the possibility of difficulty removing locking screws.

There are some limitations in this study. First, it was a case series. Second, the follow-up period averaged only 4.5 years, and long-term follow-up is needed. Third, we did not assess articular cartilage using magnetic resonance imaging (MRI). In the future, we should conduct an MRI study concerning the alteration of articular cartilage.

Conclusion {#section18-2325967120922535}
==========

Postoperative outcome scores indicated significant improvement after the MOWHTO procedure, although the cumulative rate of all complications was 41.2% and the rate of major complications was 24.7%. These results indicate that MOWHTO with the TomoFix is a technically demanding procedure. Careful preoperative planning and meticulous surgical technique are needed to decrease the incidence of complications associated with MOWHTO.
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